ABSTRACT We analyze the bathymetric trends of demersal deep-sea flshes in the Catalan Sea ( N W Medlterranean) between 1000 and 2250 m depth In the first part of the study, only the pattern shown by the whole fauna ( wthin-fauna pattern ) 1s considered At 1200 m there is a significant decrease In fish mean welght, as a consequence of the replacement of the dominant large or medium-sized specles by small ones This fauna1 shift may be a consequence of the lower trophic availability at greater depths, as shown by an important decrease in megafaunal biomass between 1000 and 2250 m In the second part, the study focuses on the depth-size trends of the most common species ( within-species pattern ) Results show that the bigger-deeper phenomenon is not a well-estabhshed tendency None of the lower slope species and only 2 of the 5 middle slope species analyzed behave as bigger-deeper species Moreover some specles which display a bigger-deeper trend in North Atlantic waters do not show any significant trend In the Medlterranean Considering the recent Atlantic origin of Mediterranean ichthyofauna and the contrasting behaviour in the 2 areas, the hypothesis that mean slze increase with depth is the result of inhented ontogenic behaviour can be discarded
INTRODUCTION
Depth-size trends in deep-sea fishes has been a controversial subject in the last few years (e.g. Haedrich & Rowe 1977 , PoUoni et al. 1979 , Macpherson & Duarte 1991 and references cited therein). Trends have been studied both for individual species ('within-species pattern') and for the whole fauna, analyzing average individual size at different depths ('within-fauna pattern') (cf. Carney et al. 1983 ). However, the results have been contradictory dependirig on the areas investigated and the sampling techniques used.
For invertebrates (meio-and macrobenthos) the within-fauna trend is towards a reduction in the organisms' average size with increasing depth (Thiel 1975 , Gage 1978 , Jumars & Gallagher 1982 , Carney et al. 1983 , Sokolova 1990 ). Both physiological and ecological reasons have been put forward to explain the observed pattern, but there is still a great deal of speculation on the matter. For demersal deep-sea fishes the results obtained up to now have been contradictory. First results seemed to indicate the opposite tendency to that of the invertebrates, i.e. a biggerdeeper phenomenon (FIaedrich & Rowe 1977 , Polloni et al. 1979 . However subsequent studies have proved that this tendency changes according to the area C 3 Inter-Research/Printed in Germany studied (Merrett & Marshal1 1981 , Sulak 1982 , Snelgrove & Haedrich 1985 , Gordon 1986 , Merrett 1987 . The confusion has led some authors to suggest that the bigger-deeper phenomenon could be nothing more than a sampling artefact (Pearcy et al. 1982) ; in one area, at least, evidence has shown this to b e so (Merrett et al. 1991b) .
Within-species the observed trend is also variable (Polloni et al. 1979 , Mauchline & Cordon 1984 , Snelgrove & Haedrich 1985 , Middleton & Musick 1986 , Gordon & Duncan 1987 , Macpherson & Duarte 1991 , Merrett et al. 1991b . In some taxonomic groups (e.g, gadiforms) the occurrence of larger individuals in deeper waters is a fairly common pattern. The trend can, however, be erroneously interpreted if phenomena such as ontogenic and sexual migrations are not taken into account (Snelgrove & Haedrich 1985 , Middleton & Musick 1986 .
In this paper we analyze the bathymetric trends of demersal deep-sea fishes in the Catalan Sea (western Mediterranean) between 1000 and 2250 m depth. In the first part, only the pattern shown by the whole fauna is considered. Contrary to that observed in other areas, fish size decreases with depth and some of the reasons for this anon~alous pattern are discussed. In the second part, the study focuses on the most common species in the area. In some species we find a different behaviour to that shown in Atlantic waters. This means we must discard the idea of a generalized phenomenon (as suggested recently by Macpherson & Duarte 1991) involving a n ontogenic migration of individuals to progressively deeper water.
MATERIAL AND METHODS
All the material included in the present paper was collected in the Catalan Sea (NW Mediterranean), off the Iberian coast (3B045'N to 42" 00' N), during 4 cruises (summer and fall) from July 1987 to October 1988 (Stefanescu et al. 1992b ).
The sampling gear used was a semiballoon-otter trawl (OTSB14, headline length 13.7 m) trawled on a single warp. The procedure followed was basically that described by Merrett & Marshal1 (1981) and Sulak (1982) . Each tow usually lasted about 3 h. Depth was measured by a vertical ELAC LZ120 echosounder at intervals of 15 min. The mean assigned depth of each trawl was calculated from arithmetic means of these interval depths.
A total of over 16 000 fishes representing 29 demersal species (Stefanescu et al. 1992b ) were collected at ca 50 stations between 984 and 2251 m depth. For each haul individuals were counted and the total weight of the catch was calculated as the sum of fresh weights of species. Both parameters (abundance and biomass) were standardized to a common sampled area of 1000 m', according to the values proposed by Sulak (1982) for an OTSB14 trawled on a single warp at 2.5 knots. The individual mean weight for each sample was calculated by dividing the biomass by the abundance.
A regression analysis was performed to determine any significant change in abundance, biomass and specimen mean weight with changing depth. Scheffe's linear contrast was also employed to test significant differences in the values of these parameters among 6 depth intervals of 200 m, defined between 1000 and 2200 m.
Prior to the calculations and plotting, abundance and biomass (per unit area) and mean fish weight were converted to log-transformed values.
Bathymetric trends within-species were analyzed only for those species with their bathymetric range almost or totally contained within the range 1000 to 2250 m (cf. Stefanescu et al. 1992b) . Nine common species with their bathymetric distribution centered below 1000 m were selected. Abundant information for depths less than 1000 m has allowed an accurate definition of upper bathymetric limits of the species (Maurin 1962 , Raimbault 1963 , Macpherson 1977 , Matallanas 1979 , Allue et al. 1981 , Allue 1985 . Because the maximum depth of our samples (2251 m) is close to the maximum depth of the Catalan Sea (ca 2500 m), the lower bathymetnc ranges of the species have been well established.
Preanal length was utilized for macrourids and total length for the remaining species (except in the case of Bathypterois mediterraneus, in which standard length was used). To test the null hypothesis 'fish size is depth independent' a regression analysis between both variables was performed. The coefficient of determination (r2) was also calculated to determine what proportion of the variance of size could be attributed to change in depth. The geometric mean was preferred for calculating the mean fish size of each sample, because the arithmetic mean is susceptible to the influence of a few large specimens and does not represent accurately the mode in fish size at a given station.
Finally, it must be remembered that the phenomenon of size increase with depth is highly complex and could be related to reproductive or seasonal migrations, both horizontal and vertical (cf. Gordon 1979 , Snelgrove & Haedrich 1985 , Middleton & Musick 1986 , which can be masked if the sampling period is not adequate. The problem is enhanced at depths subject to the influence of environmental variation (photoperiodicity, pulses in surface productivity, periodic cycles in water temperature, etc.). These aspects can lead to erroneous conclusions when not properly considered.
RESULTS

Within-fauna pattern
Bathymetric trends in abundance, biomass and mean fish weight are shown in Fig. 1 . Abundance ( Fig. 1A) does not change significantly with depth (r = 0.21, 46 df, p < 0.05). There are, however, important oscillations in the mean values over the whole range considered. Therefore, increasing depth is not related to decreasing fish abundance in the Catalan Sea (Table l ) , as occurs in other Atlantic areas for the same depth range (Grassle et al. 1975 , Cohen & Pawson 1977 , Merrett & Marshal1 1981 , Sulak 1982 , Merrett & Domanski 1985 , Merrett et al. 1991a . Biomass does decrease significantly with depth (r = 0.59, 46 df, p < 0.05), although a large part of this variation can be attributed to the sharp decrease in values around 1200 m ( Fig. 1B ; Table 1 ). At greater depths the trend is less pronounced and no significant difference is found among the mean values for the depth intervals considered. Mean fish weight shows a marked and uniform decrease from 1000 m to the deepest level sampled However at greater depths, although values continue decreasing markedly, differences are not significant.
Within-species pattern
The analysis of the size-depth trend for each species is detailed in Table 2 . Of the 9 species studied, 6 (Bathypterois n~editerraneus, Polyacanthonotus rissoanus, Coryphaenoides guenthen, Chalinura mediterranea, Mora moro and Cataetyx alleni) do not show any specific trend, individuals of varying size and age being distributed over the whole range occupied by the species.
The bathymetric ranges of Bathypterois rnediterraneus, Polyacanthonotus rissoanus, Coryphaenoides guenthen and Chalinura mediterranea in the Catalan Sea were almost totally covered by the sampled depths (Stefanescu et al. 1992b) . Cataetyx alleni can be found occasionally at lesser depths (Matallanas 1983, author's unpubl, data) . However, the few specimens captured there are of sizes distributed over the whole range shown by the species (3 to 13 cm). For Mora moro the only available data correspond to large adults ( 2 24 cm). The absence of young individuals in our samples could be the result of a pelagic existence (as Gordon & Duncan 1985 suggested for Lepidion eques, a very common morid in Rockall Trough). Therefore, it is not possible to know with certainty how the size distribution of this species is influenced by depth.
In contrast, Alepocephalus rostratus, Coelorhynchus labiatus and Lepidion lepidion do show significant size-depth changes. For A. rostratus and L, lepidion mean size increases with depth while for C, labiatus the opposite trend occurs (Table 2) .
However, correct interpretation of depth-size data also requires, as noted by Middleton & Musick (1986) , information on bathymetric distribution as size frequencies of the population. Thus, an increase in mean fish size with depth can be attributed to a 'biggerdeeper' phenomenon (maximum fish size correlated with maximum depth) or a 'smaller-shallower' phenomenon (individuals of maximum size are uniformly distributed along the whole range shown by the species, whde the smaller individuals are concentrated in shallower water).
In the Catalan Sea Alepocephalus rostratus exhibits a smaller-shallower trend (Fig. 2) ; for all depths at which the species is abundant (1000 to 2000 m) the dominant size class is 24 to 28 cm (4 to 6 yr old specimens, according to Morales-Nin 1990) . Moreover, there is a complete absence of 0 to 1 yr old individuals (5 17 cm) at depths below 1400 m and a paucity of 2 yr old individuals (around 20 cm) at depths greater than 1986) . these data suggest the existence of a per sample is low. reproductive migration to shallower water (1000 to 1200 m), with younger individuals living at t h s depth a n d to a lesser extent at 1200 to 1400 m. After 2 yr a n DISCUSSION ontogenic migration to greater depths occurs. This migration affects only a part of the population and 2 yr old Within-fauna pattern individuals rarely exceed the 1600 m level.
Contrary to the above, Lepidion lepidion is a biggerIn the Catalan Sea, the mean fish weight of the whole deeper species (Fig. 3) , with individuals of 6 to 15 cm fauna shows a decreasing tendency below a depth of dominating at 1000 to 1400 m and individuals of 19 to 1000 m. When abundance (no. per 1000 m') and bio-20 cm at depths of 1400 to 1600 m. Below 1600 m the mass (g per 1000 m') are taken into account simultanesize classes less than 15 cm are poorly represented and, ously an important fauna1 shift is evident between 1000 although individuals of 20 cm dominate, those of > 25 and 2250 m. At 1200 m there is a significant decrease in cm regularly appear. The few specimens trawled by the fish mean weight, as a consequence of the replacefishing boats (author's unpubl. data) at 600 to 800 m ment of the dominant large or medium-sized species have all been small; so w e can expect a similar pattern (e.g. gadiforms such as Mora moro, Phycis blennoides, a t 800 to 1000 m. This species thus shows a n ontogenic Trachyrhynchus trachyrhynchus and sharks such as migration towards progressively increasing depths.
Hexanchus griseus), by small ones (such as the Analysis of the data for Coelorhynchus labiatus remacrourids Coryphaenoides guentheri and Chalinura veals a smaller-deeper phenomenon (Table 2 ). This is mediterranea and the chlorophthalmid Bathypterois rather surprising considering the opposite tendency mediferraneus; cf. Stefanescu et al. 199213 ). It can be There are no data on meio-and macrofauna; however, an exponential decrease in abundance with depth has been recorded off northwestern Mediterranean areas (Carpine 1970 , Thiel 1983 , Peres 1985 .
Considering the notably scarce resources appearing to predominate in the Catalan Sea at 1200 m, the disappearance of large species would seem to agree with the hypothesis of Mahaut et al. (1990) . These authors distinguished 2 demersal deep-sea fish groups characterized by distinct trophic strategies: (1) species feeding on the epibenthos and infauna, and indirectly dependent on organic particles sedimenting down from shallower levels (termed 'microphagous' by Hureau et al. 1979) ; and (2) species feeding directly on megafauna carcasses deposited in a more unpredictable and limited manner. The latter group can be amplified when not only necrophagous species but also those feeding actively on large pelagic and benthopelagic prey are considered. In this category are included the species termed 'predators' by Hureau et al. (1979) . Preponderant in this second class will be the sharks and some macrourids which, to a lesser extent, also display necrophagous habits (cf. Desbruyeres et al. 1985) . Mahaut et al. (1990) suggest that species from the second group are not present in those areas where 'large carcasses never reach the seafloor', this being the case in oligotrophic seas. A current analysis of the diet of Centroscymnus coelolepis (Carrasson et al. 1992) , the only shark abundant on the lower slope, has revealed the practical non-existence of carrion remains. This is in sharp contrast to findings in the North Atlantic (Clarke & Merrett 1972 , Sedberry & Musick 1978 , Mauchline & Gordon 1983 ) and could serve as evidence in favour of the hypothesis of Mahaut et al. (1990) .
Moreover, the scarcity of large prey on the lower slope (sensu Haedrich & Merrett 1988) of the Catalan Sea seems to be in agreement with the existence of a demersal fish community dominated by small species feeding almost exclusively on small epibenthic and benthopelagic invertebrates (Carrasson & Matallanas 1990, M. Carrasson pers. comm.) .
An additional factor to explain the observed smallerdeeper trend is the significant size reduction, when compared to Atlantic populations, found in the Mediterranean populations of many species, especially those of the lower slope. In Polyacanthonotus rissoanus, for example, the differences are particularly remarkable (Fig. 4) Fig. 4 . Polyacanthonotus rissoanus. Length-frequency distributions in 2 populations, one from the Meditenanean (Catalan Sea) and the other from the western North Atlantic (Middle-Atlantic Bight) [Modified after Crabtree et al. (1985) and authors' data1 maximum sizes as observed in the Atlantic (Geistdoerfer 1986) compared with those found in the present study are, respectively, 48 cm TL and 22 cm TL for C. guentheri and 73 cm TL and 34 cm TL for C. mediterranea. Centroscymnus coelolepis showed a maximum size of 114 cm in the Atlantic (Compagno 1984) compared with the 63 cm observed in this study. Our data for these species are in complete agreement with previous Mediterranean data (Roule 1912 , Geistdoerfer & Rannou 1971 , McDowell 1973 , Sulak et al. 1984 . It is evident that this phenomenon is very complicated and is undoubtably the result of a combination of factors of disparate origin (e.g. latitudinal gradients on fish size, cf. Lindsey 1966; ecological factors affecting body size, cf. Peters 1983). More limited resources (a striking difference exists between Mediterranean and Atlantic waters) and an elevated temperature can both be assumed to play an important part (cf. Margalef 1982, pp. 273-278) , and have already been advocated (Tortonese 1960) as determinant in reducing size in Mediterranean deep-sea fish.
From these data it is evident we cannot generalize the idea, first proposed by Dayton & Hessler (1972) and subsequently developed by Haedrich & Rowe (1977) , Polloni et al. (1979) , Haedrich et al. (1980) and Carney et al. (1983) , of an evolutionary tendency to select for ~ncreased size in demersal fish when confronted with the limited resources of the deep sea. According to these authors advantages associated with a large size would play a key part in explaining the bigger-deeper phenomenon observed in the North Atlantic. Greater mobility and the consequent increased ability to catch pelagic prey and feed on widely dispersed corpses (cf. Haedrich 1974 , Haedrich & Henderson 1974 , Pearcy 1976 , Sedberry & Musick 1978 , along with decreased metabolic cost per unit weight and a higher nutrient storage capacity (Peters 1983) , would all play an important role.
Subsequent s t u d~e s carried out in other areas have shown that the described bigger-deeper phenomenon cannot be considered universal (Sulak 1982) , even in highly productive seas (Merrett & Marshal1 1981 , Snelgrove & Haedrich 1985 . It has even been suggested (Pearcy et al. 1982 , Gordon 1986 ) and demonstrated by Merrett et al. (1991b) that the phenomenon is the result of sampling artefacts, given the greater difficulty larger fish experience in avoiding the sampling gear at increased depths where their metabolism is slower. The possibility that the results presented in this paper are a sampling artefact can be rejected. Of the different benthic sampling gears used in deep-sea fish studies (e.g. Gordon 1986 , Merrett et al. 1991a ) the OTSB14 will, if anything, tend to enhance any bigger-deeper trend in the ichthyofauna. It is obvious, therefore, that this explanation does not suffice for the Catalan Sea where the reverse trend occurs.
The basic component of the phenomenon we have been discussing can b e described as a substitution of one species for another along a bathymetric gradient. We now consider the size distribution a s shown by individual species. It is well known, and has often been taken a s a rule (Heinke's law) by some authors (cf. Cushing 1982) , that in many demersal fish species older specimens are found at greater depth. This has recently been dscussed at some length by Macpherson & Duarte (1991) , albeit over a restricted depth range and number of species. After a n analysis of size-depth relations (maximum depth 750 m) in Namibia and the Catalan Sea they conclude that the bigger-deeper phenomenon is a common characteristic of the demersal ichthyofauna. The proposed mechanism involves an ontogenic migration to deeper waters, where the adults benefit from a reduced basal metabolic rate and increased life expectancy at lower temperatures (Love 1970 (Love ,1980 . Asin the Mediterranean the water temperature remains constant (ca 13°C) below 160 to 200 m (Salat & Font 1987) , Macpherson & Duarte (1991) suggest that this behaviour represents an inherited evolutionary response and is, therefore, of a genetic nature.
Present results contradict this hypothesis. The lack of a specific trend below 1000 m means it is not possible to consider the idea of a bigger-deeper phenomenon as a well-established tendency. Thus, for example, none of the exclusively lower slope species (Polyacanthonotus rissoanus, Bathypterois mediterraneus, Coryphaenoides guentheri, Chalinura rnediterranea) showed any significant size-depth variation. This had been noted for B. mediterraneus in a previous study (Rannou & Gabborit-Rezzouk 1976) . Moreover, although data for the other exclusive lower slope species (Centroscymnus coelolepis, Lepidion guentheri and Cataetyx laticeps) were not sufficient to allow statistical analysis, the available data indicate no particular pattern (Stefanescu et al. 1991 , 1992a , Carrasson et al. 1992 .
Of the 5 middle slope species which were statistically analyzed (Alepocephalus rostratus, Coelorhynchus labiatus, Lepidion lepidion, Mora moro and Cataetyx alleni) only A. rostratus and L. lepidion behave as bigger-deeper or smaller-shallower species.
Thus, it is evident from our results that the majority of demersal species with bathymetric ranges comprised between 1000 and 2250 m do not show any clear sizedepth trend. This is particularly surprising for the macrourids Coelorhynchus labiatus, Coryphaenoides guentherj and Chalinura mediterranea which display a bigger-deeper trend in North Atlantic waters (Mauchline & Gordon 1984 , Gordon & Duncan 1987 , Merrett et al. 1991b ). In the case of Polyacanthonotus rissoanus the results are contradictory depending on the prospected areas. Crabtree et al. (1985) did not find any relation in the western North Atlantic, but N. R. Merrett (pers. comm.) found a slight bigger-deeper trend in the Porcupine Bight (eastern North Atlantic).
Considering the relatively recent Atlantic origin of Mediterranean ichthyofauna (Fredj & Maurin 1987) , and the contrasting behaviour shown in the 2 areas, we can discard the hypothesis that mean size increase with depth is a result of inherited ontogenic behaviour. This theory may have resulted from the restricted number of species (31 in the Mediterranean) and depth range investigated (20 to 750 m) (Macpherson & Duarte 1991) . In fact, many of the species considered by these authors are known at depths up to, and far greater than, 1000 m (Fischer et al. 1987, Stefanescu et al. 199213 ). In the light of these factors we are inclined to view any generalization of this phenomenon with reservation. We believe any further study on this subject should narrow its perspechves and centre on the autoecology of each individual species, as the complexity of links established by a species with its surrounding environment will result in highly variable and specific adaptive responses in each case, a s has been indicated here.
